ABSTRACT. Using fluorescence in situ hybridization (FISH) and polymerase chain reaction direct sequence methods, 45S ribosomal DNA (rDNA) loci on somatic chromosomes were detected and partial sequence of 45S rDNA was determined in Aldrovanda vesiculosa, respectively. Analysis of FISH showed tree to five 45S rDNA signals in interphase nuclei, and four signals at metephase stage. All FISH signals at metaphase stage were located at the terminal region of four chromosomes. Among six populations, completely homologue sequence result was supplied from Clustal W analysis. After determining sequences of 5.8S and internal transcribed spacer (ITS) in 45S rDNA of six populations, a comparative study with these sequences was carried out to infer genetic diversity in A. vesiculosa.
A monotypic Aldrovanda L. (Droseraceae) contains a single aquatic carnivorous plant species producing insectivorous leaf with snap trap mechanism similar to genus Dionaea. This aquatic species, Aldrovanda vesiculosa L., is widely but sparsely distributed throughout the Old World and Australia, Morphological intraspecific variation has been found in some species in the Droseraceae. A. vesiculosa is one of the interest species for interspecific morphological variation (Adamec 1999) as well as the Drosera spathulata complex (Hoshi et al. 1994) .
Aldrovanda vesiculosa is sensitive to acid rain, eutrophication, floods, and other human disturbances (Kondo et al. 1997) . Due to these environmental changes in the last several decades, some local populations of the species have vanished from the earth. It is extinct from the nature in Bangladesh, Denmark, France, Germany, Italy, Japan, and other places (Kondo et al. 1997 , San Martín et al. 2003 . Meanwhile, it is endangered in Poland, Switzerland, Bulgaria, China, Croatia, Czech Republic, Hungary, and Russia (Kondo et al. 1997) . In Japanese extinct population, only cultivated plants were exist and strictly protected as a national natural monument. Since many of local races of A. vesiculosa has become endangered or were extinct, importance of valuable DNA stock and gene pool of this species would increase in further molecular analysis and conservation biology. Thus, in vitro culture is one of the most important methods to maintain the potentially-valuable gene pool of such plants (Bobak et al. 1995 , Kondo et al. 1997 , Samaj et al. 1999 . Moreover, the stocks of high quality DNA are a prerequisite for molecular biological studies in endangered plants (Bekesiova et al. 1999) .
Although polymerase chain reaction (PCR) is essential for a study with DNA analysis, the contaminated PCR production is the most unavoidable problem for in vivo aquatic plant. This problem imply that establishment of in vitro grown system in aquatic plant materials was extremely important to supply valuable gene pools or plant molecular biological tools such as RAPD profiling, cDNA and genomic library constructions, and so on.
To investigate an genetic diversity of A. vesiculosa, at first, an attempts of DNA extraction and purification from in vivo and in vitro cultured plant were performed for amplifying target fragments of 45S ribosomal DNA (rDNA) by PCR and for determining nucleotide sequence by sequencer. Also, 45S rDNA fragment was used to determine loci on the genome by fluorescence in situ hybridization (FISH). With the sequences of 5.8S and internal transcribed spacer (ITS) in 45S rDNA, a comparative study was carried out to infer intraspecific diversity of six populations in A. vesiculosa.
MATERIALS AND METHODS

Plant materials
The in vivo living materials of six populations from Australia, Italy, Japan, Poland and Ukraine of Aldrovanda vesiculosa were supplied from Laboratory of Plant Chromosome and Gene Stock, Graduate School of Science, Hiroshima University. Additionally, two in vitro culture strains from Japan and Poland were used ( Table 1) .
Extraction of genomic DNA Total DNA extraction was mainly followed Hasebe et al. (1994) . One gram of plant tissues were ground into powder with liquid nitrogen and homogenized in the buffer containing 0.1 M Tris-HCl (pH 8.0), 20 mM EDTA (pH 8.0), 1.4 M NaCl, 2 % ce-tyltrimethylammonium bromide and 0.5 % mercaptoethanol. The homogenate was extracted three times with an equal volume of chloroform-isoamyl alcohol (24 : 1) for 15 minutes each and the DNA was precipitated with an equal volume of isopropyl alcohol at room temperature. For quantitative estimation of extract DNA amount, 4 µl of DNA solution were loaded into a well of the agarose gel after dissolving DNA pellet in 200 µl TE buffer.
Chromosome preparation The shoot tips were pretreated with 2 mM 8-hydroxyquinoline at room temperature for 2 h before they were fixed in 70 % ethanol at 4 °C for 1 h. Fixed shoot tips were washed with distilled water and their tips were placed in a microcentrifuge tube containing 50 µl of enzyme solution (4 % Cellulase Onozuka-R10 (Yakult Honsha) and 2 % Pectolyase Y-23 (Kikkoman)) and incubated at 37 °C for 50 min. They were washed three times with distilled water. Then, 10 µl of the fixative ethanol-acetic acid (3:1) was dropped onto shoot-tip and air-dried.
Base specific fluorescent staining Air-dried slides were used for chromomycin A 3 (CMA) staining. The slides were preincubated in McIlvine's buffer (pH 7.0) for 30 min, treated with 0.1 mg/ml distamycin A (DMA) (Sigma) in McIlvine's buffer for 10 min in a humid chamber and rinsed in McIlvine's buffer supplemented with 2.5 mg/ml MgSO 4 for 10 min. After rinsed, they were stained with 0.1 mg/ml CMA (Sigma) in McIlvine's buffer supplemented with MgSO 4 for 10 min. Then, they were mounted with glycerol and stored at 4 °C for 12 h to prevent fading. These chromosomes stained by CMA staining were irradiated with BV (blue violet) filter cassette and fluoresced yellow.
After CMA staining, the slides were used for 4',6-diamidino-2-phenylinodole (DAPI) staining. The slides were destained in 45% acetic acid for 30 min, rinsed in distilled water for 5 min. They were dipped in McIlvine's buffer for 30 min, treated in 0.25 mg/ml actinomycin D (AMD) (Sigma) in McIlvine's buffer for 15 min in a humid chamber and rinsed in McIlvine's buffer for 10 min. After rinsed, they were stained with 0.1 µl/ml DAPI in McIlvine's buffer for 10 min, and mounted in glycerol. These chromosomes stained by DAPI staining were irradiated with UV (ultra violet) filter cassette and fluoresced blue.
Fluorescence in situ hybridization (FISH) To detect 45S rDNA locus on chromosomes, PCR amplification of 18S rDNA followed the procedure of Hizume (1993) and Sogin (1990) , respectively. The sequences of the primers were 5'-AACCTGGTTGATCCTGCCAGT-3' and 5'-TG ATCCTTCTGCAGGTTCACCTAC-3' for the 18S rRNA coding region. PCR reaction mixture (total 50 µl) contained 60 ng of template DNA, 200 pmol of each primer, 0.1 mM of each dNTP, 10 mM Tris-HCl pH 8.3, 50 mM KCl, 1.5 mM MgCl 2 , and 1 unit of Taq polymerase (TOYOBO). Amplification was performed in a Program temp control system (ASTEC) programmed for one cycle of 4 min at 94 °C, 30 cycles of 30 sec at 94 °C, 30 sec at 52 °C, 60 sec at 72 °C, and 1 cycle of 5 min at 72 °C.
The 18S rDNA probe amplified by PCR were labeled by means of random primer DNA labeling with biotindUTP (Roche), respectively, following the supplier's instructions. Labeled DNA probes were denatured at 95 °C for 10 min. Hybridization mixtures contained 50 % formamide, 10 % dextran sulfate and each probe at a concentration of 4 ng/µl in 2XSSC. Then, 25 µl of hybridization mixture was put on a chromosomal preparation and covered with a cover slip and sealed with rubber gum. The slides were denatured at 82 °C for 3 min on a hot plate and then incubated 40 h at 37 °C in a humid chamber. After overnight incubation, coverslips were floated off in 2 x SSC and slides were rinsed in 2XSSC at 42 °C f o r 1 0 m i n , 0 . 2 X S S C a t 4 2 °C f o r 1 0 m i n , a n d 2XSSC/0.2 % Tween 20 at room temperature for 10 min twice. Slides were blocked with 5% (w/v) bovine serum albumen in 2XSSC/0.2 % Tween 20 for 10 min at room temperature. Signal was detected with 100 µl of 2 µg/ml avidin-FITC (Roche) in 2XSSC in each slide for 3 h at 37 °C in a humid chamber. Slides were washed in 2XSSC/0.2 % Tween 20 for 10 min twice, 2XSSC at room temperature. The slides were then mounted in Vectashield Mounting Medium (Vector Lab.) containing 500 ng/ml of DAPI.
Polymerase chain reaction (PCR) and DNA purification for DNA sequences The amplification protocol was mainly followed Hasebe et al. (1994) . For PCR amplification of nuclear 5.8S and internal transcribed spacer (ITS) ribosomal DNA (rDNA), reaction mixtures were made up from equal volumes of DNA solution and a master mix containing all the other necessary components. Final concentrations were: 10 mM Tris-HCl pH , and less than 1 µg template DNA. The sequences of the primers were 5'-CCCGCCTGACCTGG GGTCGC-3' and 5'-TAGAGGAAGGAGAAGTCGTAA CAA-3' for the both ITS regions including the 5.8S rDNA. The amplified products were electrophoresed on 0.7 % agarose gels and product bands were cut out from the gels. Then, they were purified with Gene Clean III (BIO 101 Inc., La Jolla, CA). The purified doublestranded DNA was sequenced in both directions using a Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems, Foster City, CA) and ABI PRISM 377 DNA sequencer (Applied Biosystems). The both ITS regions including the 5.8S rDNA nucleotide sequences were aligned using Clustal W version 1.8 (Thompson et al. 1994) , and then revised manually.
RESULTS AND DISCUSSION
Extraction, purification and PCR amplification of genomic DNA The result of total DNA extraction was shown in Fig. 1 Bekesiova and Mlynarova (1999) . Nuclear 5.8S and internal transcribed spacer (ITS) in 45S ribosomal DNA were amplified by PCR. The result of PCR amplification was shown in Fig. 2 . Single PCR product band was appeared in in vitro cultured A. vesiculosa plant materials. Thus, obtained DNA from in vitro cultured plant of A. vesiculosa was of sufficient quality for PCR. In contrast, total genomic DNA of D. spathulata made many faint PCR product bands, but not any clear targeting band. Two PCR products were amplified from Australian population of A. vesiculosa. According to the public sequence databases, the PCRproduct band with higher molecular weight (> 1.0 kb) in Australian population might have sequence of other microorganisms such as water algae. In general, the genomic DNA from most water algae species could product more than 1.0 kb size of the band with same PCR primer set. By the gel cutting method, target DNA band could be isolated from PCR products. The gel cutting step in puri- Fig. 1 . Ethidium bromide-stained 1% agarose gel of total genomic DNA from Drosera spathulata (1 and 2) and Aldrovanda vesiculosa (3 -8) . Drosera spathulata, belongs to the same family of the Droseraceae, was used as control comparison. All samples were obtained from in vitro culture, except for Australian population (8) of A. vesiculosa. Fresh (1, 4 and 8) and dried (2, 3 and 5-7) plant tissues were provided from Australia (8), Japan (3 -5) and Poland (6 and 7) populations of A. vesiculosa, and New Zealand (1 and 2) population of D. spathulata. Size marker (M) was given in kb. Fig. 2 . Ethidium bromide-stained 1% agarose gel of a PCR with total genomic DNA from Drosera spathulata (1 and 2) and Aldrovanda vesiculosa (3 -8). Size marker (M) was given in kb. The templates were total genomic DNA of Australia (8), Japan (3 -5) and Poland (6 and 7) populations of A. vesiculosa, and New Zealand (1 and 2) population of D. spathulata. Two PCR products were amplified in Australian population of A. vesiculosa. According of the public sequence databases, the PCR-product band with higher molecular weight (> 1.0 kb) in A u s t r a l i a n p o p u l a t i o n m i g h t h a v e s e q u e n c e o f o t h e r microorganisms such as water algae. Total genomic DNA of D. spathulata made many faint PCR product bands, but not any clear targeting band.
fied protocol was prerequisite to remove a contamination of other organism's DNA from in vivo cultured plant DNA in A. vesiculosa.
Chromosome analysis Aldrovanda vesiculosa showed the somatic chromosome number of 2n=48 (Fig. 3) . The chromosomes did not obviously visualize any localizedcentromere. The results of chromosome number and feature were same to those of previous reports (Hoshi and Kondo 1998) . Using base specific fluorescent staining, CMA positive bands were observed at metaphase (Fig  3c) . Two CMA positive sites were located at the terminal region of two chromosomes at metaphase, or were observed as satellites of two sat-chromosomes at early stage of metaphase (Fig. 3c) . Fluorescent in situ hybridization analysis showed three to five 45S rDNA signals in interphase nuclei (Fig. 3e) , and four signals at metephase stage (Fig. 3f) . All FISH signals at metaphase stage were located at the terminal region of four chromosomes. Of these FISH signals, two signals were larger than those of other two signals. Two to six 45S rDNA loci have been reported in diploid and tetraploid species of genus Drosera (Droseraceae) (Futagawa et al. 2002) . Thus, we speculate that A. vesiculosa has a possibility of tetraploidal genome composition, basic chromosome number of x=12, with autoploidally chromosomal doubling or amphydiploid forming from alloploidally natural hybrid. CMA staining and FISH result indicate that two larger FISH signal sites seem to be active nucleolar organizer regions (NORs) sites and other two smaller signal sites are non active 45S rDNAs, because two satellite regions at prophase or early-metaphase were easily detected as positive signals by CMA staining and FISH. The comparison between FISH and CMA put the statement that, all NORs will not be associated with active transcriptional machinery. A nucleolar dominance phenomenon that not all NORs are transcriptionally active is often seen in interspecific hybrids (Reeder 1990) . Therefore, alloploidal hybrid origin of Aldrovanda gives proper explanation to rRNA gene suppression on two loci detected as smaller FISH signals.
DNA sequence determination and genetic diversity of Aldrovanda vesiculosa The sequences result of Aldrovanda vesiculosa was shown in Fig. 4 . Among six populations in A. vesiculosa, completely homologue sequence result was supplied from Clustal W analysis.
Although multimodal sequence such as ITS in 45S rDNA of allopolyploid is easly predicted (Rieseberg and Brunsfeld 1992) , a concerted evolution may effectively remove one of the parental rDNA repeats from the hybrid genome (Zimmer et al. 1980) . Our FISH result provide an assumption of polyploidal origin of A. vesiculosa. Therefore, to spread out all over the world, this species might have a period of time to complete homogenizing or single selection of ITS. It is generally thought that ancestor genus of Aldrovanda is the oldest in the carnivorous plant and might occurred during the end of the Cretaceous period (Senonian epoch, from 85 to 75 million years ago) (Knobloch and Mai 1984, Degreef 1997) . In contrast to the non-variation of ITS sequence of A. vesiculosa, recent study showed that D. spathulata had DNA polymorphism of ITS sequences even in Japanese tetraploid populations (Hoshi et al. 2007) . ITS sequence of 45S rDNA of extant A. vesiculosa was very conservative and might have slower evolution than that of D. spathulata.
The differences of genetic diversities between two species led us to offer three following hypothesis: (1) A. vesiculosa might be a new formed species, (2) evolution rate of A. vesiculosa might be slower than that of other species in the Droseraceae, or (3) gene flow have occurred in A. vesiculosa. In the European population of A. vesiculosa, the study of this origin was suggested that seeds or turions of the species were transported by migratory birds (Adamec 1999) . Therefore, this kind of field study will supported a hypothesis of gene flow by a migration-enhanced factor to spread to new sites.
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